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background of the invention 



Field of the Invftntlon 



The presdAt: inven*tion relat:es -bo an optilcal signal 
^'{iMi'^^' '^-'' transmission substra'te which uses optical signals as Inpa-t 
:1 ?.and ou'tput. lnfonna1;lon. More par*t leu larly, 'this invention 



10 relates to a subs-brate appropriate for high-density 



packaging of, for example, electronic computers, and also 
: : relates to an optical signal transmission device which 

such substrate. 

; Qf thR Rftlatfld Art 

Regarding conventional devices such -as electronic 
computers, a plurality of substrates necessary to compose 
circuits are mutually connectred through electrical wiring 
20 by using conductive lines such as cables or wires. Signals 
sent and received between the substrates are electric 
signals which generate interface elements. 



25 



With some devices, such optical signal transmission 
Is realized as a light emitting element is provided on one 

' 4 " 



sfibetrate and a light: receiving element is provided on the 
oi: her substrate, thereby connecting both elementa with 
optical fibers, 

; ; Since the connection using conductive lines causes 
a signal delay due to the existence of the capacity for 
wiring and the wiring resistance/ it is not suited for the 
wiring: between substrates of ^high-speed and high-density 
•packaging devices. There is another inconvenience of 
generating heat due to the wiring resistance. 

On the other hand, the connection utilizing optical 
fibers requires a large nujober of optical fibers for 
multiple wiring such as buses and also requires enormous 
man-hours for the wiring work, and the increase in costs 
required for the wiring is inevitable. 

SUMMARY OF THS IHVENTIOH ., 

r f 

I 

t 

In view of the above-described problems, it is an 
object of this invention to provide an optical signal 
transmission substrate and a device thereof which will 
eliminate the man-hours required for the wiring work and 
the costs for wiring, which are formed in high-density 
packaging f and which enable high-speed communication* 



V:.:' This Invention provides an op-tlcal signal 
V'transinisslon sub8t;ra-td for transmlti'tlng an opt;lcal signal ^ 
comprxslng an optical signal transmission area where at 
least one of a light emitting element for sending the optical 
signal to other optical signal transmission substrates or 
a light receiving element for receiving the optical signal 
/from other optical signal tr^insmission substrates is 
-located so as to be capable of sending or receiving the 
optical signal in a direction stibstantially perpendicular 
to, the surface of the substrate. 

When the optical signal transmission substrate is used 
: as it is held between the other optical signal transmission 
substrates/ desirably, the optical signal transmission area 
of the optical signal transmission substrate is structured 
to comprise a transmlttable window exhibiting light 
transmltt ability at the position where the optical signal 
transmitted between the othev optical signal' transmission 
substrates passes through. 

It is desirable that the optical signal transmission 
substrate comprise electrodes at least at a pair of the edges 
of the substrate. 



■ This Inventilon is an optical signal transmission 



ti^P':-)^::'''' device composed by laminating a plurality of optical signal 



substrates as described above in such a manner 

ff^^ii^^^^^^^ signal transmission areas o£ the respective 

^J^pi^^P^i'v 'v ■ .... 

IllSi^i \: substratef3 overlap one another, wherein the light receiving 
element is located in any one of the optical signal 
transmission substrates so as to be opposed to the light 
^^;^fl 4";^ emitting element provided in ^ny one of the other optical 

f^!^:i0.-- ^y''''.' ;:?ignal transmission substrates. 



With this optical signal transmission device, it is 
desirable that the optical signal transmission substrate 
held between the optical sign9l transmission substrate 
provided with the light emitting element and the optical 
15 /signal transmission substrate provided with the light 
receiving element comprise a transmittable window 
exhibiting light transmittability at the position where the 
optical signal passes which is transmitted between the light 
emitting element and the light receiving element. 

20 

In order to enable high-density communication, it is 
desirable that plural sets of the light emitting element 
and the light receiving element for transmitting the optical 
signal be located along the optical axis of one optical 
2S signal. 
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p^'vv^g;; • ; In order to lamina1;e the substrates r It Is desirable 

(i^^&t&<?^%t;liAt the optical signal transmission device comprise an 

layer between the optical signal transmission 
•^E^M^^'-'^-'t'-^^^'^^^^^^ adhesive layer composed of an adhesive agent 
]~f^''f^:':.; : and electrodes for electrically connecting the electrodes 
V#l''??'5-; :' of V both substrates . 



BRIEF DESCRIP!tXOH OF THE DRAWINGS 

■ ■ a r • ■ ' ■ ■ 

Fig. 1 Is a perspective view Illustrative of the 
cpnstructlon of an optical signal transmission device 
according to Embodiment 1. 



15 Fig* 2 Is a plan view of an optical signal transmission 

subs-brate according to Embodiment 1 • 

• 

Fig. 3 is a descriptive drawing of cq^inatlons of 
light emitting elements and &ight receiving elements 
20 according to Embodiment 1. 

Fig. 4 is a perspective view illustrative of the 
construction of an optical signal transmission device 
according to Embodiment 2. 

25 
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Fig. 5 Is a plan view of an op-ticaX signal transmission 
Slibcftrate according to Embodiment 2 . 



5 device according to Embodiment 2. 



^^;;^7 * .^^9* 6 is a side view of the optical signal transmission 



Fig. 7 is a plan view of an optical signal transmission 

v substrate according to Embodiment 3. 

.'■■'.*-'•■ , . t 

10 ^ Fig* 8 is a plan view of an optical signal transmission 

substrate of Example* 

Fig. 9 is a variation of a lamination method for the 
optical signal transmission device. 
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BEST HODS FOR CARRYING OUT THE INVENTXON 



Embodiments of this invention are hereinafter 

* r 

explained by referring to the attached drawings • 

20 

(Embodiment 1) 

Fig. 1 is a perspective view illustrative of the 
construction of an optical signal transmission device 
25 according to Embodiment 1. Fig* 2 is a plan view of an 



Sft-f^'^'-:;-- 'V;. . ..." 



signal transmission substrate of the optical signal 
' transmission device. 

:^/^^^J- \ shown in Fig- 1, the optical signal transmission 

"'.*^!i^^V' ":'' "*• •• * ■ 

l:^f^N:|r 5 device of this embodiment is composed by laminating a 

k;:.-j^.. ■ .1'- • ■ . • 

^^v^v>: ..plurality of optical signal transmission substrates 1 in 



; '•'•J'". • > 



^ ; : 6 manner that optical signal transmission areas 100 

of the respective substrates ^overlap one another. Fig. 1 
: shows the lamination structure of five layers in order to 

10 simplify the explanation, but there is no limitation to the 
number of layers. In Fig. 1, the respective optical signal 
transmission substrates 1 from a first layer to a fifth layer 
are given reference numerals 11 through 15. Any distance 
between the optical signal transmission sobstrates may be 

15 allowed as long as it is within the range that enables the 
transmission of optical signals between a light emitting 
element and a light receiving element. A -plurality of 
substrates may be laminated by making them in .^irect contact 
with one another or by interposing spacers or adhesive layers 

20 between them. 

In the respective optical signal transmission 
substrates 11 through 15, a light receiving element DXY of 
any one of the optical signal transmission substrates 1 is 
25 located at the position opposed to a light emitting element 



EXY provided in any one of the other optical signal 
y.^^^'^^smisBion substrates, where *EXY* means that the 
relevant element is a light emitting element for 
transiaitting optical signals from a substrate of layer x 
to a substrate of layer and "DXY" means that the relevant 
element is a light receiving element for receiving optical 
signals transmitted from the substrate of layer X to the 
.substrate of layer Y, A path JEor sending and receiving one 
optical signal by means of a combination of the light 
emitting element EXY and the light receiving element DXY 
is called a •'channel." xhe light emitting element and the 
light receiving element which belong to the same channel 
are located in the scune row and column in the optical signal 
transmission areas 100 of any substrates. The location in 
the optical signal transmission area as specified by row 
and column is hereinafter called an 'address,'' 

Specifically speaking/ between the optical signal 
transmission substrate 1 with the light emitting element 
EXY provided thereat and the optical signal transmission 
substrate I with the light receiving element DXY provided 
thereat, the light emitting element EXY and the light 
receiving element DXY are located at opposed positions in 
such a manner that they can send and receive optical signals. 
When another optical signal transmission substrate 1 is held 



between tihe substrate with the light emitting element and 
. the -subfitrate with the light receiving element, such an 

interposed optical signal transmission substrate 1 is 
• : to comprise a transmittable window which 

if exhibits light tranemittabillty , at the position where the 
. optical signal passes which is transmitted between the light 
quitting element EXY and the light receiving element DXY 
of the other substrates. The transmittable window T is 
located at the same address in the optical signal 
0 /^(transmission area 100 as that o£ the light emitting element 
EXY and the light receiving element DXY« 

Referring to Pig. 1# a light emitting element E14 (for 
transmitting optical signals from the first layer to the 
15 fourth layer) on the optical signal transmission substrate 
11 is opposed to a light receiving element D14 (for receiving 
the optical signals from the first layer to the fourth layer) 
on the optical signal transmission substrate 14, The 
optical signal transmission substrates 12 and* 13 interposed 
20 between these elements have transmittable windows T at the 
positions where the optical axis passes* Lilcewiser a light 
emitting element K51 on the optical signal, transmission 
substrate 15 is opposed to a light receiving element D51 
on the optical signal transmission substrate 11. The 
25 optical signal transmission substrates 12 through 14 



fot^rposed betwddn the substrates 11 and 15 have 
transmittable windows t at the positions where the optical 
axis crosses the sabstrate faces. 

According to this invention, it is desirable that 
vplural sets o£ the light emitting elements and the light 
receiving elements for transmitting the optical signal are 
placed along the optical axxs« of one optical signal. This 
is becaase such arrangement enables high«-den8it7 
communication « This is about the case where a plurality of 
channels exist in the same row and column in the optical 
signal transmission areas 100. In Fig, 1, a set of a light 
emitting element E21 on the optical signal transmission 
substrate 12 and a light receiving element D21 on the optical 
signal transmission substrate 11 and a set of a light 
emitting element B35 on the optical signal transmission 
substrate 13 and a light receiving element D35 on the optical 
signal transmission substrate 15 are located on the same 
optical axis, that is, at the same address in the optical 
signal transmission areas 100. 

♦ * 

As shown in Fig. 2, the individual optical signal 
transmission substrate 1 which composes the optical signal 
transmission device is structured by comprising the optical 
signal transmission area 100 at a part of a circuit area 




^^i^fi^u ^ :1:|0;. : in the optical signal transmission area 100/ at least 
^^^^i^cr light emitting element BXY for sending optical 

i^^lp;;^^^ BxgnalB to other optical signal transmission substrates and 
f,y^f0^f--:^' '^'' ,a:r:^±g^ receiving element DXY for receiving optical signals 

'5 ' fzrom other optical signal transmission substrates is 
i^i^S^^: ::^ • located so that the optical signals in a direction 



^IliW^*^^^^^ perpendicular to the substrate surfaces can 



.... .^^\-\ . 



:^b€^^sent or received^. Moreover, when the optical signal 
> VV'' ^ transmission substrate is used as it is interposed between 



riO other substrates r such an interposed optical signal 

transmission substrate is structured in such a manner that 
a;, transmittable window T which exhibits light 
-transmitt ability exists in the optical signal transmission 
. area 100 at the position where the optical signal passes 
15 which is transmitted between other optical signal 
transmission substrates. 

There is no limitation to the materia^ or thiclcness 
of the optical signal transmdcssion substrata 1. However, 

20 when the substrates are laminated/ it is desirable that/ 
for example, a bank or a spacer be provided around the 
substrate so that electron elements provided on the 
substrate will not contact other substrates • There is also 
no limitation to the form of a circuit in the circuit area 

25 110 or the method of forming the circuit. However, it is 
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necessary t:o locate pairts of -the circuit so that: they will 
not .Joe set beyond the parts maximum height as defined by 
^the bank or the spacer. Specifically speaicing, any circuit 
'can be applied, snch as processor circuits or memory circuits 
of , electronic computers, or integrated circuits of TFT 
devices. The light emitting element BXY is the element 
capable of converting electric signals such as electric 
currents or voltages into op-^ical signals, and any light 
^etditting element can be applied, such as semiconductor laser 
(laser diodes), light emitting diodes, or organic 
electroluminescent (EL) elements* The light receiving 
element DXY is the element capable of converting the received 
optical signals into electric signals such as voltages or 
electric currents r and photoelectric conversion elements 
such as phototranslstors or photodlodes can be used. 

The optical signal transmission area 100 is the area 
where the light emitting element BXY, the light receiving 
element dxy, and the transmlttable window T jdan be located 
orderly. For example, the optical signal transmission area 
100 is divided into lattice sections and the light emitting 
element EXY, the light receiving element pXY, and the 
transmittable window T are located according to the lattice 
sections. The optical signal transmission area 100 may be 
composed of materials having such strength as to allow the 



placement: of the light emitting element EXT and the light 
receiving element DXY at any positions. 

i ;^ ; For example^ it is possible to form the optical signal 
; transmission area 100 with a layer made of transparent res In « 
If the light emitting element and the light receiving element 
are located by using the transparent resin as a basic 
material, the portion of the« optical signal transmission 
area 100 excluding the elements exhibits light 
tr ansmittability « Therefore, it is no longer necessary to 
actively provide the transmittable window T. 

If the optical signal transmission area 100 is formed 
with a material which is not light transmittable, for example, 
the same material as that of the circuit area 110, an opening 
is made at the position corresponding to that of the. 
transmittable window T, or a window capable of transmitting 
light is formed with resin or glass. 

The number of lattice sections of the optical signal 
transmission area 100 (or the maximum channel number) is 
determined according to the number of signal channels 
necessary between substrates* The optical signal 
transmission area 100 may be located in any area on the 
substrate and in any shape such as a linear or circular shape 



pither than a rectangular eliape^ Moreover, the optical 
signal transmission area 100 may be dispersed in dots which 
areMocated at separate positions within the circuit area 
11,0 where other circuits also exist. The area of the optical 
signal transmission area is set at a reasonable value in 
order not to reduce the area of the circuit area 110 more 
: than necessary. 

. • ■ 

Fig. 3 shows an example arrangement of the light 
emitting elements the light receiving elements DXY, 

and the transmittable windows T when the optical signal 
transmission area 100 is composed of 20 channels in total 
as defined by lattice sections of five rows by f our ooluBins . 
The area which does not correspond to any of the light 
emitting element EXYr the light receiving el^ent DXY, or 
the transmittable window T may be either light transmittable 
or not transmittable* Optical signal transmission areas 
corresponding to the optical signal transmission substrates 
11 through 15 from the first tflayer to the fifth layer are 
respectively given the reference numerals 101 through 105, 
Arrows indicate the transmission paths of optical signals 
in the leftmost column in the drawing. In this drawing ^ it 
is assumed that the light emitting from the light emitting 
elements B±Y has the ideal property of travelling in a 
straight line and, therefore, the light receiving elements 
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pXY are located adjacent: to the light emitting elements BXY. 



However/ when light emitting elements having a poor 

"^^Wi^f' '''- -'^^ emitting light in straight lines are used. 



it. is necessary to prevent the generation of crosstalks by 
locating the light emitting elements and the light receiving 
elements at positions not adjacent to each other or by 
providing a layer r which functions as a clad, at the 



4^ boundaries of the respective^ optical signal transmission 



areas . 
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It is possible to apply various kinds of methods for 
manufacturing the above-described optical signal 
transmission substrates. 

15 For example, a removable layer which will produce 

abrasion by means of a laser beam is formed on a trahspai^ent 
substrate made of ^ for example, glass and the optical signal 
transmission substrate of this invention is then formed in 
a given pattern over the removable layer. -Subsequently, 

20 this optical signal transmission substrate is attached to 
another optical signal transmission substrate with an 
adhesive agent, and the removable layer is then irradiated 
with light from the transparent substrate side, thereby 
causing the transparent substrate to be removed. These 

25 steps are repeated by the number of laminations of the 



m^--^<^^i^- ■■■■■ ■ ■ 



transmission substrates. 

w;-^' ■ • i.v ■ • 

4. >^-4 Alternatively r the above-described optical signal 
^iSSi^'^O^^ substrate la formed through the Intermediary 



■fiSj^J^y"^^?'-'/ lithe removable layer over a plurality of transparent 
substrates ^ and two such optical signal transmission 
stibstrates are then pasted together. Subsequently, these 
substrates are irradiated with a laser beam from at least 
^^J^ - transparent substrate side, thereby causing the 

traufiparent substrates to be removed at the removable layer. 
- : \ Another optical signal transmission substrate formed over 
other transparent substrates is then attached to the surface 
Where the transparent substrates have been removed, and the 
laser beam is applied to such transparent substrate side, 
15 .thereby removing the transparent substrates. These steps 
are repeated by the number of laminations of the optical 
signal transmission substrates. 

By the above-described manufacturing idethods, it is 
possible to laminate a multiplicity of very thin optical 
signal transmission substrates with certainty. However, 
the manuf acturing methods are not limited to .those described 
above. 



20 
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According t.o Erabodimeiii: 1, the optical signal 



C.'-;7^^^^^^^ area for eending or receiving opi:ical slgAals 

v^^^;^^:- V : ^ ^ * direction sub8tant;ially perpendicular to the substrate 

^ ,.■ ■ , • . , ■ 
4i^^%^^^> surface is provided at a part of the substrate. Accordingly, 

-.iB. possible to provide an easy method of sending and 

'^7^:^':y^f^5'/ between substrates simply by laminating 

Sv^-^ 1^: '^^^^ where the arrangement of the light emitting 

^if elements and the light receiving elements is made properly. 

: v^-j^iKf i . i. since Embodiment 1 does not employ conductivity ,r 

^^^-C-'.iO > neither a signal delay due to the capacity for wiring or 

!! V > the wiring resistance nor heat generation due to the wirxng 

fe ' VK" * . resistance will occur. 



According to Embodiment 1/ it is unneceesary to 
.py vl5 connect the substrates with optical fibers and, therefore, 
vit is possible to reduce the labor required for the 
connecting work and the cost for the optical fibers • 

Since Embodiment 1 can ^easily realize' multiple 
20 channels for the signal transmission between the adjacent 
multilayered substrates, it is the most suitable signal 
transmission method for high-density and high-speed 
electronic computers or devices using TFT's. 



Since Embodiment 1 employs the sending and reception 



^^^■^•:^;\yr signal©^ it ie poGBible to provide a transmission 

f^&vf^^^^ deyide which has high noiee immunity and which will not 

::^}^^:<:^:'\->K''.r -^e^^a^ie.uTM^nted emission. 

't^W'^- 5' (Bmbbdiment 2) 

■ ',' ->-.* .; "... _ ■ 

c^^p:]-'--':-^ ' : ^ r Embodiment 2 of this invention relates to an optical 
.^[Signatl, transmission su)>8trat9, which is the substrate of 
Knibodiment 1 additionally provided with power supply 
^v\:t^"r^9 electrodes and earth electrodes, and to a device thereof. 

Pi^- 4 is a perspective view illustrative of the 
construction of an optical signal transmission device 
according to Embodiment 2- Fig* 5 is a plan view of an 
. 15 optical signal transmission substrate according to 
Embodiment 2. 

• 

As Shown in Fig. 4, the optical signal transmission 
device according to Embodiment 2 is composed *by laminating 
20 a plurality of optical signal transmission substrates 2 in 
such a manner that optical signal transmission areas 100 
of the respective substrates overlap one another when shown 
on a plan view* This optical signal transmission device is 
different from that of Embodiment 1 in that it has adhesive 
25 layers 3 between the substrates. Fig. 4 illustrates the 
I 



^^t^^^^y^i-: Xamlnaitlon etructure of three layers In order to simplify 
i^f^:^i^t"v ''^thek; explanation. However, there Is no limitation to the 
S^T:?^^^^^^ Pig. 4, the respective optical 

transmission substrates 2 from the first layer to 
^M^^-W'-''-]^''' tt^e; third layer are given the reference numerals 21 through 

|^&" ■ ■ . 
iK'^C" --^^ ■ ■ ^ 

' Aii adhesive layer 3 is ^composed by bonding a first 

ji^^:. -' : '■ 

> -electrode 31 and a second electrode 32, which are opposed 
^;^lSV^li) ^ to e other, and the substrate 2 with an adhesive agent 
' . 30 and by letting the adhesive agent 30 set. Examples o£ 

the adhesive agent 30 include any kinds of resins, for 
:C- > : example, adheslves of various setting types which include 
reactive setting adheslves, thermosetting adheslves, 
15 optical setting adheslves such as ultraviolet ray setting 
. adheslves, and anaerobic setting adheslves. As for 
compositions of such adheslves, any kinds of^ adheslves such 
as epoxy type, acrylate type, or silicon type ^an be applied. 
For the first electrode 31 and the second ele&trode 32, any 
20 kinds of metals such as aluminum, copper, or gold can be 
used. The adhesive layer 3 is formed by bonding metal bars 
in the shape corresponding to the first electrode 31 and 
the second electrode 32 with the adhesive agent , which is 
then made to set. 

25 



, As shown In Pig. 5, each optical signal transmission 
subs'tra-be 2 which composes this optical signal transmission 
device comprises a circuit area 110 and an optical signal 

: transpiission area 100 similar to those of Embodiment !• 
However^ the optical signal transmission substrate 2 of 
Embodiment 2 is different from that of Embodiment 1 in that 
it comprises a first electrode 121 and a second electrode 
122 at least at a pair of the edges of the substrate, it 
is convenient to form the pattern of the first electrode 

il21 and the second electrode 122 with the same materials 
as wiring materials used for the circuit area 110 • However ^ 
if the relevant optical signal transmission substrate Is 
to be held between the adhesive layers 3, the electrodes 
need to be formed in such a manner that the substrate exhibits 
conductivity between the front and back sides thereof. 

The arrangement and construction of the light emitting 
elements SX7> the light receiving elements. DXY, and the 
transmittable windows T in the optical signal transmission 
areas 100 in the respective optical signal transmission 
substrates 21 through 23 are similar to those of Embodiment 
1. 

Fig. 6 shows a side view of the optical signal 
transmission device of Embodiment 2. It is structured in 



suclx a* manner that the first electrodes 121 of the respective 
optical signal transmission substrates 21 through 23 are 
electrically In contact with the first electrodes 31 of the 
adhesive layers 3, and that the second electrodes 122 of 
the respective optical signal transmission substrates 21 
through 23 are electrically in contact with the second 
electrodes 32 of the adhesive layer 3, The optical signal 
transmission device is designed to commonly wire power 
supply electrodes and earth electrodes by laminating the 
optical signal transmission electrodes 2 and the adhesive 
layers 3 alternately. 

There are various possible methods for manufacturing 
the optical signal transmission device according to 
Embodiment 2. 

If the optical signal transmission substrate 2 is 
sufficiently thick and is portable^ it is possible to 
manufacture the optical signal transmissioi^ substrate by 
the following steps of s 

(1) connecting the first electrode 31 and the second 
electrode 32 to the optical signal transmission 
substrate 2 and applying the above-described resin to 
the electrodes, thereby forming the adhesive layer 3; 

(2) pasting another optical light transmission substrate 
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2 .onto -thd above<-obtalned adhesive layer and then 
forming another adhesive layer 3 over the substrate; 



f |>|^-^v):i- • . ■ .. and 



( 3.) repeating the above-described steps a necessary number 
5 of times, thereby composing the optical signal 



transmission device. 



If the optical signal transmission substrate 2 is very 
:^ . thin and is not portable by itself , it is possible to 
10 manufacture the optical signal transmission substrate by 
the following steps ofs 

(1) forming the removable layer over a base made of glass 
or the like; 

(2) forming a circuit corresponding to the optical signal 
lis transmission substrate 2 over the removable layer; 

(3) after the formation of the optical signal transmission 
substrate 2, forming the adhesive layer 3 thereon; 

(4) irradiating the back of the base with ^ laser beam or 
the like to cause the abrasion to occur ali the removable 

20 layer, thereby detaching a combination of the optical 

signal transmission substrate 2 and the 'adhesive layer 
3 from the above laminated layers; and 

(5) laminating a necessary number of the above-mentioned 
combination, thereby composing the optical signal 

25 transmission device. 

V 



r^The abraislon at; the removable layer may be caased by applying 
Vt:he laeer beam before the formation of the adhesive layer 

3 and by exerting forces after the formation of the adhesive 

layer. 3 . 

Embodiment 2 can achieve the effects similar to those 
Vof Embodiment 1. Moreover, since the substrates are 
commonly provided with the electrodes r the connection with 
power sources or earth terminals Is easy. 

According to Embodiment 2/ the substrates are pasted 
together with the adhesive layers andr therefore, it Is easy 
.to form the multllayered structure and it Is possible to 
provide a strong optical signal transmission device « 

(Embodiment 3) 

Embodiment: 3 of this lnvent:ion relates to a variation 
example of the optical signal, transmission* substrate 
according to Embodiment 2« 

Fig. 7 shows a plan view of an optl<;al signal 
transmission substrate according to Embodiment 3. as shown 
In Fig. 7^ an optical signal transmission substrate 4 
according to Embodiment 3 Is foinned in a complicated pattern 



fesE^^Tfr i ^'.:^:-^fah&r^^j^ first: electrode 421 and a second elect:rode 422 extend 



^^^1^: 4;:tc>w^rd optical signal transmission area 400 and a circuit 
g^^^tesiM^-^f^rei. 410. This, electrode pattern is formed by patterning 
^-^^ ^^^^^^^^^ of the optical signal transmission substrate 
-S- ;^ in the shape required for the optical signal transmission 
'^WM^' '- area 400 and the circait area 410 and by applying a normally 
used method of forming a wiring pattern. 



p^^p;:;;^-.:.'';;-^;; : AS "for the construction of an optical signal 



10/ transmission device which uses this optical signal 

transmission substrate 4, light emitting elements EXY and 
light receiving elements DXT may be located in the manner 
similar to ;those of Embodiments 1 and 2« It is also possible 
to use the adhesive layers 3 of Embodiment 2 for the 

is: iattachment of the substrates. 

Embodiment 3 can achieve the ef fects s*imilar to those 
of Embodiment 1 . Moreover, since the pattern:^ng is employed 
for the electrodes of the substrates, it is eAsy to connect 
20 the circuit elements with power source electrodes and earth 
electrodes and it is also effective as a means* of preventing 
unwanted emission. 
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(Example) 



A3 an example of Embodiment 2, a simulation of an 
optical signal transmission substrate as shown In the plan 
view of Pig. 8 was performed. The first electrode 121 was 
used ffLB a power source (Vdd) electrode and the second 
'electrode 122 was used as an earth (gnd) electrode. An X 
driver circuit 111 for supplying power in the row direction 
(X-axls direction) of the optical signal transmission area 
100 and a Y driver circuit 112 for selecting the column 
direction (Y-axis direction) of the optical signal 
transmission area 100 were provided* The circuit area was 
provided with a logic circuit 113 which comprises a memory 
circuit 114. As the logic circuity TFT' s were integrated. 
The specification of this Example is as followss 

Number of substrate laminations s 1,000 sheets 

Thickness of the substrate and the adhesive layers 
approximately 10 /zm/set 

number of addresses (i.e., number of lattice 
sections)! '-'^ 

1000 sheets x approxlm'htely 10^ (integrated number 
per substrate) 

Area of the address; 50 X 50 /Zm' - 2.5 X 10* /Zra' 

Area of the optical signal transmission areax 
area of the address X integrated number » 25cm^ 

Outer dimensions of the optical signal transmission 
substrates 



1 




L^-« " -26- 



^^^^"Ci^:.;-'":-'' X- >««»«^ac*^tt«^ing coat per areas y20/cia'' 



7 cm (length) X 14 cm (width) - 98 cm' 



5 Manufacturing cost per substrates 92,000 

Manufacturing cost o£ the devices ¥2,000,000 



^^^fi:y^'. .Area of one TF«j 4>C£m* 



Humber o£ tft's per substrates 
approximately 9 X lo* IG pieces 

(Other Variations ) 
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This invention can be applied in many vazriations 
without limitation to the above-described embodiments . For 
example, the outlines of the optical signal transmission 
substrate, the optical signal transmission area, and the 
20 electrodes, as well as the arrangement of the optical signal 
transmission area are merely examples. 



Regarding the optical Signal transmission device, 
when the optical signal transmission substrates are placed 
25 one over another in parallel with the surface* perpendicular 
to the optical axis of optical signals, th^ optical signal 
transmission areas should only overlap one another so as 
to make the respective addresses conrespond to one another, 
and the substrates themselves should not necessarily 



4 



a^:^^,.Y:r'.^:'Qyy^lAp. xn their entirety. For example, as sho%m in tig. 

? Sl> e^ea if the arrangement of the optical slgn&l transmiefiion 
10^<ih'''i'^. ^® different in each substrate, the signal transmission 

fc^f^l;^^^ v^^ is poMible as long as the optical signal transmission areas 
vr ^ V ^^9^^^y overlap one another. 



INDUSTRIAL APPLICABILITY 



In this invention, the substrates to be laminated are 
10 : provided with the optical signal transmission areas and also 
with sets of the light emitting elements and the light 
receiving elements for enabling the transmission of optical 
.^<y signals between the substrates. Accordingly, it is 

i'^ possible to eliminate the man-hours required for the wiring 

.15. work and the costs for wiring. Such a construction enables 
high^density packaging and high-speed communication.. 
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